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GRAPHIC IMAGE FILM REGISTRATION SYSTEMS 
AND METHODS 

Field of the Invention 

The present invention relates to the field of graphic image films. More 
particularly, the present invention provides methods of registering composite 
graphic images on films as the films are applied to a substrate and kits including 
films used to form a composite image. 

Background of the Invention 

Composite images formed using multiple films with complementary 
portions of the composite images formed thereon are often used for advertising 
on, e.g., trucks, signs, and other large surfaces. The images must often be 
provided as composites using multiple films due to size limitations in the 
manufacturing and application of the films on which the images are provided, 
i.e., one film that is large enough to contain the entire image may be impossible 
to produce and/or apply. 

Although film-based graphic images can typically be made in unlimited 
lengths (particularly when using digital imaging methods), variations during the 
imaging processes may also introduce errors into the manufactured length of the 
images on the films. For example, differences in brake tension during 
manufacturing can easily cause a difference in manufactured film length of 
0.1%. These errors can be accommodated with known manual application 
techniques using relatively short panels because skilled applicators can adjust the 
film dimensions during installation. If, however, the films are to be applied to a 
large surfaces such as a semitrailer that is, e.g., 53 feet (16 meters) long, the 
errors in the images on two different films may be about 0.5 inches (1.25 
centimeters), which is typically unacceptable. 

In addition to the dimensional tolerance errors that can be introduced into 
long films during imaging, very long films are also difficult to handle and apply 
by conventional techniques. As a result, the complete composite images are 
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typically formed using a number of panels of film that are, e.g., 36 to 48 inches 
(about 1 to 1.25 meters) wide and 8 to 9 feet (about 2.5 to 3 meters) long. Each 
panel includes a portion of the composite image and, thus, the panels must be 
properly aligned with each other to present a high quality composite image to a 
viewer. 

The composite image is forme d on th e^subs^t^y^^ua ^ adheri ng the 
films to the substrate using, in most cases, a pressure sensitive adhesive. An 
applicator usually starts at the top of each film and works toward the bottom 
while removing a liner used to protect the adhesive. The films are laminated to 
the substrate using manual pressure applied with a squeegee-like device 
approximately 10 centimeters long. A skille<Lapplicator will stretch or pull ea ch 
film^slig htly a s it is being applied to maintain registration between the different 
panels used to form the composite image. Such manual registration helps 
compensate for any dimensional errors introduced during the imaging processes. 
Limiting the length of the panels also reduces visible error. The process of 
aligning and adhering each film is typically, however, labor intensive and 
requires a high degree of skill on the part of the applicator. Furthermore, the 
longevity of the resulting composite image can depend on the skill of the 
applicator in properly adhering the films to the substrate. 



Summary of the Invention 

The present invention provides methods of forming composite images on 
a substrate using a plurality of films that are applied and registered with each 
other under tension. The films may include registration marks distributed along 
their lengths and those registration marks can be used to vary the tension under 
which the films are dispensed during application to a substrate. 

By detectingj he registrat ion m^^a^^yjpplied to a subs trate-and 
detecting ^corresponding registration marks on a film being,dispensed jandjipplied 
to the^s ubstrate, r egistration between the different portions of the composite 
images on the different films can be maintained over the length of the films to 
preciselyali^i^l sections of the composite image formed by the films. That 
registration is controlled by varying tension of the film being applied. 



It may be advantageous to apply all of the films, including the first film, 
under at least some continuous level of tension to provide the opportunity to 
control registration of the later-applied films by varying the tension under which 
the later-applied films are dispensed. For example, a first film may be dispensed 
and applied at a predetermined tension or stretch. The tension or stretch on 
successively applied films can then be varied above and/or below the 
predetermined setpoint of the first film to control registration. 

Other advantages of various aspects of the present invention include the 
ability to form composite images using films that extend continuously and 
unbroken along the length of the composite image. As a result, the films 
forming the composite image may overlap in only one direction with no films 
required to abut each other along the length of the composite image. In some 
aspects, the films and the composite image they form may have a length of at 
least about 5 meters or more, at least about 10 meters or more, and, in some 
instances, at least about 15 meters or more. It may also be advantageous to 
dispense the films from rolls. 

The registration marks on films already applied to the substrate may be 
covered by later-applied films. With respect to the last film applied to complete 
the image, the registration marks may be removed before or after application of 
the last film to the substrate. Other alternatives include the use of registration 
marks that are invisible to the unaided human eye, or the use of registration 
marks that are washable after the films are applied to the substrate. Another 
alternative is the use of registration marks on the liners used to deliver a film 
including a pressure sensitive adhesive on one surface. 

In one aspect, the present invention provides a method of providing a 
composite image on a substrate by providing a first film on the substrate, the first 
film including a first portion of the composite image; providing first registration 
marks distributed along a length of the first film; providing a second film, the 
second film including second registration marks distributed along a length of the 
second film and a second portion of the composite image; aligning the second 
portion of the composite image on the second film with the first portion of the 
composite image on the first film; dispensing the second film under tension 



along the length of the second film; detecting the first and second registration 
marks during the dispensing; varying the tension along the length of the second 
film based on the detection of the first and second registration marks to register 
the first and second portions of the composite image along the lengths of the first 
and second films; and applying the second film to the substrate. It may be 
preferred to continuously apply the tension under which the second film is 
dispensed. 

In another aspect, the present invention provides a method of providing a 
composite image on a substrate by providing a first film on the substrate, the first 
film including visible first registration marks distributed along a length of the 
first film and a first portion of the composite image; providing a second film, the 
second film including visible second registration marks distributed along a 
length of the second film and a second portion of the composite image; aligning 
the second portion of the composite image on the second film with the first 
portion of the composite image on the first film; dispensing the second film 
under tension along the length of the second film; detecting the first and second 
registration marks during the dispensing; varying the tension along the length of 
the second film based on the detection of the first and second registration marks 
to register the first and second portions of the composite image along the lengths 
of the first and second films; applying the second film to the substrate and the 
first film such that a portion of the second film is located over the first 
registration marks on the first film; and removing the second registration marks 
from the second film. 

In another aspect, the present invention provides an image graphic kit 
including a composite image having a length and a height transverse to the 
length; a first film including a first portion of the composite image on a major 
surface of the first film, adhesive on the opposing major surface of the first film, 
and a pattern of first registration marks distributed in regular intervals along the 
length of the first film; and a second film including a second portion of the 
composite image on a major surface of the second film, adhesive on an opposing 
major surface of the second film, and a pattern of second registration marks 
distributed in regular intervals along the length of the second film. 



These and other features and advantages of the present invention are 
described below in connection with some illustrative embodiments of the 
invention. 

Brief Description of the Drawings 

FIGURE 1 depicts a portion of a film including registration marks 
located thereon. 

FIGURE 1 A is an enlarged view of one set of registration marks useful in 
connection with the present invention. 

FIGURE 2 depicts portions of two films applied to a substrate, both films 
including registration marks located thereon. 

FIGURE 3 depicts an image formed by three films according to the 
present invention. 

FIGURE 4 is a thread-up diagram of one apparatus and method of 
dispensing and applying films to a substrate according to the present invention. 

FIGURE 4A is an enlarged partial cross-sectional view of the film being 
dispensed in Figure 4. 

FIGURE 5 is a schematic diagram of one control system useful in 
connection with the apparatus depicted in Figure 4 

Description of Illustrative Embodiments of the Invention 

The present invention is used in connection with the formation of 
relatively large graphic images on, e.g., trucks, buildings, walls, etc. Such 
images are typically provided using films on which an image has been formed by 
some printing technique that is suitable for the environment in which the image 
is to be located. An opposing major surface of such films is typically provided 
with an adhesive, e.g., pressure^sensitive adhesive, heat-activated adhesive, etc. 
Su itabl efLhn s may be made of, e.g., m atmalsj ncluding, but not limit ed to, 
polyvinyl chloride, polyolefin materials (e.g., polyethylene or polypropylene), 
polyester, etc. Sui table imaging processes include, but are not limited to, 
electrostatic printing, ink jet printing, screen printing, etc. In many instances, 
these films are provided with an adhesive on the side opposite the image. 



Suitable adhesives may include, but are not limited to, pressure sensitive 
adhesives, contact adhesives, heat activated adhesives, etc. Other films and 
imaging processes may be used to provide suitable imaged films as well. 

Figure 1 depicts one illustrative film 10 useful in connection with the 
present invention. One major surface 16 of the film 10 is depicted in Figure 1 
and that surface will have a portion 30a of a composite image located thereon. 
The film 10 has a length extending in the direction of arrow 1 1 and a width 
between opposing edges 12 and 14 that is typically measured transverse to the 
length of the film 10. In some instances, the first portion 30a of the composite 
image may simply be white space with the film 10 having a width large enough 
to accommodate the registration marks 20, but significantly smaller than the 
other films used to form the composite image. 

In addition to a portion 30a of a composite image, the depicted film 10 
also includes registration marks 20 that, in the depicted embodiment, are located 
on the major surface 16 on which the image portion 30a is located. The 
registration marks 20 may take a variety of forms and be located in a variety of 
positions on the film 10. 

Regardless of their form or position on the film 10, the registration marks 
20 should be located in known positions along the length of the film 10 relative 
to the image portion 30a. It may be preferred that the marks 20 be distributed 
along the length of the film 10 at regular intervals. 

Furthermore, although it may be possible to use registration marks 20 
that are all of the same size and/or shape, it may also be advantageous to include 
differently shaped or sized registration marks to indicate, e.g., one end of a 
composite image, distance to or from an end of the film being applied, etc. It 
may be particularly useful to provide a different registration mark at the 
beginning of the composite image to aid in precise alignment of the films at the 
start of the lamination process, especially where the films are provided in roll 
form with the remainder of the image obscured within the roll. 

Any suitable shape may be used for the registration marks 20, e.g., 
rectangular, etc. If rectangular registration marks 20 are used, they may have 
dimensions such as, e.g., 0.125 inches (about 3 millimeters) along the length of 



the film 10 and a dimension of about 1 inch (2.5 centimeters) across the width of 
the film 10 (transverse to the length). 

Rectangular registration marks 20 distributed along the length of the film 
10 can be used to register along the length of the film 10 (and the composite 
image formed by the films). Such registration marks may not, however, be 
particularly useful in providing registration in directions other than along the 
length of the films 10. The registration marks 20' depicted in Figure 1 A may, 
however, be useful in registering the films in the direction of their width (i.e., 
cross-web direction). 

Each of the registration marks 20' includes a leading edge 22' and 
trailing edge 24'. It may be preferred, but not required, that at least one of the 
edges 22' or 24' be perpendicular to the length of the film (indicated by arrow 
1 1 '). The distance between the leading edge 22' and trailing edge 24' should, 
however, vary in the direction of the film width. In the depicted registration 
mark 20', the distance between the leading and trailing edges 22' and 24' reaches 
a minimum at an upper end 26' and a maximum at a lower end 28'. It will be 
understood that registration marks with shapes providing a variable distance 
between leading and trailing edges may be used in place of the triangular marks 
20' depicted in Figure 1 A. 

As the film moves past a suitable registration mark sensor, the time 
required for the leading and trailing edges 22' and 24' to pass the sensor can be 
measured. If the time is increasing, it indicates that the film is moving in the 
direction of the upper end 26' of the registration mark 20' in Figure 1 A (relative 
to a fixed position sensor). If the time is decreasing, it indicates that the film is 
moving in the opposite direction. Based on these measurements, the film can be 
steered in a desired direction to correct registration of the image in a direction 
transverse to the length of the films. 

Regardless or their shape, the registration marks 20 are preferably 
distributed along the length of the film 10 over a distance that is at least as long 
as any image provided thereon so that the portions of the composite image 30 on 
different films can be registered as discussed in more detail below. Those 



portions of the film 10 that extend beyond any image requiring registration may 
or may not include registration marks 20. 

The registration marks 20 may be visible or invisible depending on the 
materials used to form the marks 20. By "visible," as used herein, it is meant 
that the marks 20 can be seen by the unaided human eye in visible light. By 
"invisible," as used herein, it is meant that the marks 20 cannot be seen by the 
unaided human eye in visible light. Invisible registration marks may be provided 
of materials that can be detected using a variety of techniques dependent on the 
material used to form the marks. Examples include, but are not limited to, 
fluorescent materials (e.g., materials that fluoresce when exposed to suitable 
electromagnetic radiation), magnetic materials, etc. 

Whether visible or invisible, the registration marks 20 may be washable, 
where the term "washable" as used herein means that the marks can be removed 
from the film 10 using a solvent, e.g., water, alcohol, etc. It may be preferred 
that the registration marks be washable using water with or without a detergent 
or other composition. In such a situation, the marks 20 may advantageously be 
removed merely by exposing the film 10 to rain. 

The registration marks 20 on film 10 may preferably be located 
proximate an edge 12 of the film 10. When so placed, the registration marks 20 
may be either covered by later-applied films (see, e.g., Figure 2) or the portion of 
the film 10 on which they are located may be removed. Where the registration 
marks 20 are invisible or washable, they may be located in any suitable location 
on the film 10. 

Figure 2 depicts a portion of a second film 40 applied over the 
registration marks 20 on film 10. The second film 40 includes a second portion 
30b of the composite image 30 that is preferably in register with the portion 30a 
of the composite image 30 on the first film 10. As depicted, it may be preferred 
that the registration marks 20 on the first film 10 be covered by the second film 
40 such that the registration marks 20 on the first film 10 are not visible after the 
second film 40 is in position on the substrate. This may, however, not be 
required if the registration marks 20 are invisible, washable, etc. 
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The second film 40 may also preferably include registration marks (not 
shown) to assist in registering the different portions of the image 30 on the two 
films 10 and 40. Any such marks, however, if visible and not washable, are 
preferably removed from the film 40 such that they do not interfere with the 
5 composite image 30. Various techniques for removing any such registration 
marks are discussed below with respect to Figure 4. 

Although Figure 2 depicts a graphic image provided by only two films, 
the graphic images provided in accordance with the present invention may be 
formed by three or more films arranged in a direction transverse to their length, 
10 each of which contains a portion of the entire composite image. Regardless of 
the number of films used, however, all of the films used to provide the graphic 
images may preferably extend continuously and unbroken in at least one 

B 

kQ direction of the composite image. 

Si 

jy Figure 3 depicts an illustrative set of three films 110, 140, and 160 used 

j^f 15 to provide a composite image 130 on a substrate. The first film 110 includes 

fy registration marks 120 and the second film 140 includes registration marks 150. 

g A portion of the second film 140 may preferably be applied over the registration 

y marks 120 on film 110. The second film 140 includes a second image portion 

fy 130b that is preferably in register with the first image portion 130a on the first 

q 20 film 110. As depicted, it may be preferred that the registration marks 120 on the 

u first film 1 10 be covered by the second film 140 such that the registration marks 

120 on the first film 1 10 are not visible after the second film 140 is in position 
on the substrate. This may, however, not be required if the registration marks 
120 are invisible, washable, etc. 
25 A portion of the third film 160 is preferably applied over the registration 

marks 150 on film 140. The third film 160 includes a third image portion 130c 
that is preferably in register with the second image portion 130b on the second 
film 140. As depicted, it may be preferred that the registration marks 150 on the 
second film 140 be covered by the third film 160 such that the registration marks 
30 150 on the second film 140 are not visible after the third film 160 is in position 
on the substrate. This may, however, not be required if the registration marks 
150 on the second film 140 are invisible, washable, etc. 
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The third film 160 may also preferably include registration marks (not 
shown) to assist in registering the third image portion 130c with the second 
image portion 130b on the third film 140. Any such marks, however, if visible 
and not washable, are preferably removed by any suitable technique from the 
film 160 such that they do not interfere with the entire composite image 130 
formed by the different image portions on the different films. 

The different films used to form the composite image 130 may be applied 
all in the same direction or in different directions along the length 1 1 1 of the 
films as desired. 

Figure 4 illustrates one apparatus that can be used to apply and register 
films to form images in accordance with the present invention. The apparatus is 
depicted applying a film 210 to a substrate 200. The film 210 is provided from a 
source 270 that may preferably be provided in the form of a roll. The film 210 
leaves the source 270, travels through a nip formed by laminating roll 272 and 
nip roll 274. It will be understood that the nip roll 274 is optional. 

The preferred film 210 is attached to the substrate 200 using an adhesive, 
e.g., a pressure sensitive adhesive, contact adhesive, heat activated adhesive, etc. 
It may be preferred that the adhesive be protected by a liner. One construction of 
a film 210 including an adhesive 208 and protective liner 206 is illustrated in the 
enlarged partial cross-sectional view of Figure 4A. Specific adhesives and liners 
used to laminate films carrying graphic images to substrates are known and will 
not be described in further detail herein. 

In the device, the liner 206 is separated from the film 210 at the nip 
formed between laminating roll 272 and the optional nip roll 274. If the nip roll 
274 is removed, the liner 206 can be stripped from the film 210 at the source roll 
270. The film 210 with exposed adhesive 208 is then laminated to the substrate 
200 at the nip point 273 formed by laminating roll 272 on substrate 200. The 
film 210 is applied to the substrate 200 under tension that is applied along the 
length of the film 210. That tension is preferably applied continuously as the 
film 210 is laminated to the substrate 200. Examples of suitable minimum 
tension levels may be, e.g., inducing a stretch of about 0.1% or more, or 
alternatively about 0.5% or more. At the upper end, suitable tension levels may 
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be provided by inducing a stretch of about 2% or less, or alternatively about 1% 
or less to the film 210. 

It should be noted that if the stretch is to be introduced to the film 210 
while the liner 206 is still attached, the selection of materials used for the liner 
206 should be consistent with the need to stretch the film 210. In other words, 
the liner 206 should not prevent stretching of the film/adhesive/liner composite. 

When applying multiple films on a substrate, with each of the films 
including a portion of the same image, the first film may preferably be applied 
with a constant tension, for example, by inducing a constant stretch of 1% in the 
film as applied. Successive films would then be applied at a tension as well, 
with the tension varying about the setpoint used to apply the first film as needed 
to control registration between the different films. 

The tension on film 210 can be applied by any suitable technique used in 
the handling of webs. In one embodiment, the roll that serves the source 270 of 
film 210 can be mounted on a mandrel that is operatively connect to a brake, 
e.g., an air brake, magnetic particle brake, etc. Another potential technique for 
supplying tension could be provided by underdriving the roll of source 270 
relative to the rolls 272 and 274. Many other techniques of imparting tension to 
webs will be known to those skilled in the art. 

The apparatus depicted in Figure 4 also includes components used to 
control registration by one suitable method. Among those components are a 
reference sensor 280 located to detect registration marks on a film already 
located on the substrate 200. Another component used in registration control is a 
distance sensor 282 used to measure distance along the substrate 200 as the film 
210 is laminated thereto. A third component used in registration control is a film 
sensor 284 mounted to detect registration marks on the film 210 during 
application to the substrate 200. 

Each of these registration control components is illustrated in the block 
diagram of Figure 5. The various sensors are connected to a controller 286 that, 
in turn is operatively connected to a tension control system 288. The tension 
control system 288 may be a brake or other suitable web tension control 
apparatus (e.g., including driven rolls, etc.). 
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Regardless of the actual form of the web tension control system used, the 
sensors 280, 282 and 284 may be used as follows to control web tension as the 
film 210 is laminated to the substrate 200. It will, however, be understood that 
the following method represents only one example of tension control and that 
many other alternative techniques could be used. 

The illustrative method relies on a regular spacing, e.g., of about 2 inches 
(about 5 centimeters), between registration marks on a film already applied to the 
substrate 200 and the film 210 being applied to the substrate 200. The distance 
sensor 282 may be provided in the form of a pulse generator mounted on a 
reference wheel. The pulse generator of distance sensor 282 provides a known 
number of pulses, e.g., 200 pulses, evenly distributed over a distance of 1 inch 
(2.5 centimeter). 

The illustrative method also relies on the distance (dj) that the reference 
sensor 280 is spaced from nip point 273 (formed between laminating roll 272 
and substrate 200). That reference distance dj preferably differs from the 
distance (dj) between the film sensor 284 and the nip point 273 by a known 
value. In one illustrative method, the difference between distances dj and <afc may 
preferably be equal to one-half of the distance between the registration marks on 
the films, e.g., about 1 inch (2.5 centimeters). 

During application of the film 210, the reference sensor 280 first detects a 
reference registration mark on the applied film on substrate 200, thereby 
signaling the controller 286 to start a counter that counts the pulses provided by 
the distance sensor 284. Because the offset in distances between dj and d2 of the 
registration marks is about 1 inch (2.5 centimeters), the counter in controller 286 
should ideally be at about 200 when the film sensor 284 detects its first 
registration mark on the film 210 (because 200 is one half of the 400 pulses 
generated between registration marks spaced about 2 inches (5 centimeters) 
apart). If the counter is outside of a desired range, e.g., above 210 pulses or 
below 190 pulses, the tension control system 288 can be signaled by the 
controller 286 to increase or decrease tension as required to bring the film 210 
back into register with the film already located on the substrate 200. 
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It will be understood that a wide variety of registration control 
components could be used in place of those depicted in Figure 4. Furthermore, 
the methodology used to control registration may also vary. For example, the 
registration system may rely on comparisons between a) the distance between 
registration marks on the applied film and the film being applied; b) the time 
required for the registration marks to pass the appropriate sensor; c) the number 
of registration marks passing each sensor; etc. The end result, however, is that 
tension on the film 210 is varied during application based on the registration 
marks to provide registration control. 

Figure 4 also depicts one illustrative apparatus for removing the 
registration marks from the film 210 being applied where the registration marks 
are located along an edge of the film (see, e.g., Figure 1). The illustrated 
removal apparatus may be provided in the form of a score knife 290 acting on 
the film 210 against a support 292. The knife 290 may be used to cut or score 
only the film 210 itself (leaving the liner 206 intact) or it may be used to slit 
through both the film 210 and the liner 206. Where only the film 210 is cut or 
scored, the portion of the film containing the registration marks is removed with 
liner 206 at the nip formed by laminating roll 272 and nip roll 274. 

Although the film sensor 284 is located downstream from the knife 290 
in Figure 4, it should be understood that it may be possible to locate the film 
sensor 284 upstream from the knife 290 or any other apparatus used to sever the 
registration marks from the film 210. 

Other potential apparatus that may be used to laminate films in 
accordance with the present invention are described in commonly assigned, 
copending U.S. Patent Application No. 09/236,807 (filed January 25, 1999) 
titled FLUID NIP APPLICATOR AND METHODS OF USING SAME; U.S. 
Patent Application No. 09/491,106 (filed January 25, 2000) titled VACUUM- 
ASSISTED LAMINATOR AND METHODS OF USING THE SAME; and U.S. 
Patent Application No. 09/576,624 (filed May 23, 2000) titled STEERED 
VACUUM-ASSISTED LAMINATING APPARATUS AND METHODS OF 
USE. The various apparatus described in these documents use a reduced 
pressure cavity to assist in the lamination process. Outfitting of these apparatus 
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with the appropriate sensors and controls to effectuate registration control over 
the films during lamination as described herein may provide additional 
advantages. 

The preceding specific embodiments are illustrative of the practice of the 
invention. This invention may be suitably practiced in the absence of any 
element or item not specifically described in this document. The complete 
disclosures of all patents, patent applications, and publications identified in this 
document are incorporated by reference herein as if individually incorporated in 
total. 

Various modifications and alterations of this invention will become 
apparent to those skilled in the art without departing from the scope of this 
invention, and it should be understood that this invention is not to be unduly 
limited to illustrative embodiments set forth herein, but is to be controlled by the 
limitations set forth in the claims and any equivalents to those limitations. 
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